ultiple randomized, placebocontrolled trials involving a total of more than 100,000 patients have demonstrated that angiotensin-converting-enzyme (ACE) inhibitors reduce the risk of death as well as the risk of major nonfatal cardiovascular events after myocardial infarction. [1] [2] [3] [4] [5] [6] [7] [8] The greatest relative and absolute benefits have been obtained with long-term ACE-inhibitor therapy in high-risk patients -specifically, in those with left ventricular dysfunction, signs or symptoms of heart failure, or both. 9, 10 Angiotensin-receptor blockers offer an alternative approach to the inhibition of the renin-angiotensin system. 11 The identification of a functioning chymase in humans that is capable of generating angiotensin II independently of ACE provides a rationale for inhibiting the deleterious actions of angiotensin II at the AT 1 receptor more completely with an angiotensin-receptor blocker. 12 The discoveries of other angiotensin receptors with putatively favorable effects on cardiovascular function and structure support the hypothesis that angiotensin-receptor blockers, by promoting the unopposed stimulation of these receptors, 13 may offer clinical benefits beyond those achieved with ACE inhibitors. Alternatively, since the augmentation of bradykinin levels may also contribute to the net therapeutic benefits of ACE (kininase II) inhibitors, concurrent treatment with an ACE inhibitor and an angiotensin-receptor blocker might be the most effective strategy.
We conducted the Valsartan in Acute Myocardial Infarction (VALIANT) trial to test the hypothesis that treatment with valsartan, an angiotensin-receptor blocker, alone or in combination with captopril, an ACE inhibitor, would result in better survival than treatment with a proven ACE-inhibitor regimen. Our design also specified analyses to assess noninferiority if valsartan was neither clearly superior nor clearly inferior to captopril. 14 
study design
We conducted a randomized, double-blind trial at 931 centers in 24 countries. Men and women 18 years of age or older who had had acute myocardial infarction (between 0.5 and 10 days previously) that was complicated by clinical or radiologic signs of heart failure, evidence of left ventricular systolic dysfunction (an ejection fraction ≤0.35 on echocardiography or contrast angiography and ≤0.40 on radionuclide ventriculography), or both, as defined in the three trials we used as reference studies, were eligible. 1, 7, 8 At randomization, patients were required to have a systolic blood pressure higher than 100 mm Hg and a serum creatinine concentration of less than 2.5 mg per deciliter (221 µmol per liter). Patients were permitted to have received an ACE inhibitor or angiotensin-receptor blocker up to 12 hours before randomization. The main criteria for exclusion were a previous intolerance or contraindication to an ACE inhibitor or angiotensin-receptor blocker, clinically significant valvular disease, another disease known to limit life expectancy severely, and the absence of written informed consent. 14 Consenting, eligible patients were randomly assigned in a 1:1:1 ratio to receive valsartan monotherapy, valsartan plus captopril, or captopril monotherapy; an automated, interactive voice-response system was used for randomization. Therapy was begun with either 20 mg of valsartan, 20 mg of valsartan plus 6.25 mg of captopril, or 6.25 mg of captopril. Doses were gradually increased in four steps, with the goal of reaching step 3 (80 mg of valsartan twice daily, 40 mg of valsartan twice daily and 25 mg of captopril three times daily, or 25 mg of captopril three times daily) during the initial hospitalization and step 4 (160 mg of valsartan twice daily, 80 mg of valsartan twice daily and 50 mg of captopril three times daily, or 50 mg of captopril three times daily), if clinically possible, by the three-month visit. Investigators increased or decreased the doses of the study drugs at their discretion according to the patient's clinical status. Study visits took place six times during the first year and at four-month intervals thereafter; at each visit, clinical status, study outcomes, drug tolerance, quality of life, and pharmacoeconomic variables were assessed. All prespecified end points were adjudicated by a clinical end-point committee that was unaware of the treatment-group assignments. Definitions of the end points are presented in Supplementary Appendix 1 (available with the full text of this article at www. nejm.org). A single independent data and safety monitoring board and the institutional review board or ethics committee at each participating site approved the protocol.
The Duke Clinical Research Institute and the Leuven Coordinating Center performed data processing and site management independently of the sponsor. Until the data base was locked, only the data and safety monitoring board and an independm methods ent drug-distribution group maintained the code used for treatment-group assignments. All analyses were performed at the Duke Clinical Research Institute and were verified by the sponsor. The manuscript was prepared by the academic researchers, who made the publication decisions, and was reviewed by the sponsor.
statistical analysis
There were two primary treatment comparisons: valsartan versus captopril, and valsartan plus captopril versus captopril. A two-sided significance level of 0.0253 (with Sidak's adjustment for multiple comparisons) 15 was used for both comparisons. The trial was designed to enroll approximately 14,500 patients, with follow-up continuing until at least 2700 deaths had occurred, providing a power of 86 to 95 percent to detect a reduction of 15.0 to 17.5 percent in the risk of death from any cause. For the primary end point (mortality from any cause) and secondary cardiovascular outcomes, the treatment groups were compared on an intention-to-treat basis with the use of a Cox proportional-hazards model with adjustment for age and the presence or absence of previous myocardial infarction, as prespecified in the protocol. Event-rate curves were generated according to the method of Kaplan and Meier.
If valsartan did not prove to be superior to captopril, the noninferiority of valsartan relative to captopril was to be assessed without further adjustment of the significance level for interim analyses, since the trial was not to be concluded early because of any interim findings regarding noninferiority. In addition to the confidence interval, the P value for the test of the null hypothesis of inferiority is also provided for the assessment of noninferiority. On the basis of the reduction in mortality with the use of ACE inhibitors as compared with placebo in previous trials, 1, 7, 8, 10 the threshold considered to indicate noninferiority with regard to the hazard ratio for death in the valsartan group as compared with the captopril group was prespecified as 1.13. This threshold preserves at least 55 percent of the survival benefit of an ACE inhibitor. An estimate of the effectiveness of valsartan as compared with that of an imputed placebo was derived by the methods of Fisher 16 and Hasselblad and Kong. 17 Under the assumption of a risk reduction of 0 to 2.5 percent with valsartan as compared with captopril, 2700 events would provide the study with a power of 74 to 88 percent to demonstrate that valsartan is as effective as captopril, given a one-sided hypothesis, with a significance level of 0.0253.
For the assessment of noninferiority, in addition to the intention-to-treat analysis, we conducted a per-protocol analysis including patients who satisfied the criteria for inclusion with regard to acute myocardial infarction and who had received at least one dose of the study medication. Assessments of safety and tolerability were based on all patients who underwent randomization and received at least one dose of the study medication. The Cox model was used to assess the effect of each treatment on the time to a reduction in the dose or permanent discontinuation of the study medication. A repeatedmeasures generalized linear model was used to assess trends in blood pressure and the heart rate over time. Pearson's chi-square statistic was used to compare the treatment groups with respect to the use of open-label medications, as well as for a post hoc analysis of cumulative hospital admissions for myocardial infarction or heart failure.
Preplanned biennial interim analyses (seven in total) were performed by an independent statistician and reviewed by the data and safety monitoring board. The significance level for the primary assessment of superiority was adjusted with the use of a Lan-DeMets alpha spending function (O'BrienFleming type).
study patients
From December 1998 through June 2001, a total of 14,808 patients were enrolled. 18 Information from 105 patients at one site was censored before unblinding, because the adequacy of the informedconsent process could not be ensured. The characteristics of the remaining 14,703 patients (4909 in the valsartan group, 4885 in the valsartan-and-captopril group, and 4909 in the captopril group) are summarized in Table 1 .
Study medication was administered to all but 77 patients (0.5 percent; 24 patients in the valsartan group, 23 in the valsartan-and-captopril group, and 30 in the captopril group). The median duration of follow-up was 24.7 months, for a total of 29,226 cumulative patient-years. At the completion of the trial, the vital status was unavailable for 139 patients (0.9 percent; 53 patients in the valsartan group, 48 in the valsartan-and-captopril group, and 38 in the captopril group), 55 of whom had withdrawn consent.
results

end points
Mortality
Mortality from any cause and cause-specific mortality were similar in the three treatment groups. A total of 979 patients in the valsartan group (19.9 percent) died, as did 941 in the valsartan-and-captopril group (19.3 percent) and 958 in the captopril group (19.5 percent). The hazard ratio for death in the valsartan group as compared with the captopril group was 1.00 (97.5 percent confidence interval, 0.90 to 1.11; P=0.98), and the hazard ratio for death in the valsartan-and-captopril group as compared with the captopril group was 0.98 (97.5 percent confidence interval, 0.89 to 1.09; P=0.73) (Fig. 1) . The KaplanMeier estimates of mortality at one year were 12.5 percent in the valsartan group, 12.3 percent in the valsartan-and-captopril group, and 13.3 percent in the captopril group.
Cardiovascular Morbidity and Mortality
The rate of the secondary end point of death from cardiovascular causes, recurrent myocardial infarction, or hospitalization for heart failure was similar in the three groups (Fig. 1) . The hazard ratios for death from cardiovascular causes and for a hierarchy of composite cardiovascular outcomes generated by adding important nonfatal cardiovascular events (recurrent myocardial infarction, hospitalization for heart failure, resuscitation from cardiac arrest, and stroke) to death from cardiovascular causes were all similar for the valsartan group as compared with the captopril group and for the valsartan-and-captopril group as compared with the captopril group ( Table 2) .
Subgroup Analyses
The examination of prespecified subgroups showed no heterogeneity in the effects of treatment on the risk of death or on the secondary composite cardiovascular end point (Fig. 2 ). In particular, there was no excess hazard of either death or the composite cardiovascular outcomes among patients who received valsartan plus captopril in addition to background beta-blocker therapy (Fig. 2) .
Hospitalizations for Myocardial Infarction and Heart Failure
A post hoc analysis of the rate of investigatorreported hospital admissions for either myocardial infarction or heart failure showed that 919 patients in the valsartan group (18.7 percent) had a total of 1447 hospitalizations, 834 patients in the valsartan-* Plus-minus values are means ±SD. Data on left ventricular ejection fraction were available for 3788 patients in the valsartan group, 3772 in the valsartan-and-captopril group, and 3778 in the captopril group. Data on Killip class were missing for 27 patients in the valsartan group, 21 patients in the valsartan-and-captopril group, and 20 patients in the captopril group. Data on whether there was an anterior myocardial infarction were missing for 202 patients in the valsartan group, 192 in the valsartan-and-captopril group, and 197 in the captopril group; data on inferior myocardial infarction were missing for 253 patients in the valsartan group, 231 in the valsartan-and-captopril group, and 248 in the captopril group; data on Q-wave myocardial infarction were missing for 173 patients in the valsartan group, 170 in the valsartanand-captopril group, and 179 in the captopril group; data on non-Q-wave myocardial infarction were missing for 252 patients in the valsartan group, 244 in the valsartan-and-captopril group, and 245 in the captopril group. † The body-mass index is the weight in kilograms divided by the square of the height in meters. ‡ Treatment with angiotensin-converting-enzyme (ACE) inhibitors and angiotensin-receptor blockers was stopped before randomization. § To convert values for creatinine to micromoles per liter, multiply by 88.4. noninferiority Because valsartan, alone or combined with captopril, could not be considered to be superior or inferior to captopril alone, we conducted our prespecified series of analyses to test for noninferiority -comparing only the groups receiving valsartan or captopril monotherapy. With regard to mortality, valsartan was shown to be noninferior to captopril in both the intention-to-treat and per-protocol populations. In both analyses, the upper limit of the one-sided 97.5 percent confidence interval for the comparison between the valsartan group and the captopril group was within the specified margin for noninferiority (P=0.004 in the intention-to-treat analysis and P=0.002 in the per-protocol analysis). These results demonstrate that valsartan is no less effective than an ACE inhibitor in reducing the risk of death in this population, as illustrated by the analysis involving the imputed placebo that is summarized in Figure 3 . We estimated that valsartan had an effect that was 99.6 percent of that of captopril (95 percent confidence interval, 60 to 139 percent). The narrow confidence intervals support the conclusion that valsartan is at least as effective as captopril in reducing the risk of major cardiovascular events (Table 2) .
tolerability and safety
The proportion of patients who were no longer taking the study medication at one year was 15.3 percent in the valsartan group, 19.0 percent in the valsartan-and-captopril group, and 16.8 percent in the captopril group (P=0.07 for the comparison between the valsartan group and the captopril group; P=0.007 for the comparison between the valsartan-and-captopril group and the captopril group). Among the patients who were still taking the study medication at one year, the mean ( ± SD) doses were 247 ± 105 mg of valsartan in the valsartan group, 116 ± 53 mg of valsartan plus 107 ± 53 mg of captopril in the valsartan-and-captopril group, and 117 ± 49 mg of captopril in the captopril group. The proportions of patients taking the target doses were 56 percent, 47 percent, and 56 percent, respectively (P=0.97 and P<0.001 for the two comparisons with the captopril group).
Probability of Event
At one year, open-label ACE-inhibitor treatment was being used in 7.0 percent of the patients in the valsartan group, 7.9 percent of those in the valsartan-and-captopril group, and 7.7 percent of those in the captopril group (P=0.25 and P=0.72 for the two comparisons with the captopril group). Openlabel treatment with an angiotensin-receptor blocker was being used in 1.5 percent of the patients in the valsartan group, 3.0 percent of those in the valsartan-and-captopril group, and 2.9 percent of those in the captopril group (P<0.001 and P=0.82 for the two comparisons with the captopril group).
The mean blood pressure at one year was 127/75 mm Hg in the valsartan group, 125/75 mm Hg in the valsartan-and-captopril group, and 127/76 mm Hg in the captopril group (P=0.17 for the comparison of systolic blood pressure and P=0.32 for the comparison of diastolic blood pressure between the valsartan group and the captopril group; P<0.001 for the comparisons of both systolic and diastolic blood pressure between the valsartan-and-captopril group and the captopril group). Although all patients received active blood-pressure-lowering agents, the valsartan-and-captopril group had a mean systolic pressure that was 2.2 mm Hg lower than that in the captopril group after randomization (P<0.001), and the mean systolic pressure in the valsartan group was 0.9 mm Hg lower than that in the captopril group (P<0.001). The mean heart rate did not vary significantly among treatment groups.
The groups were similar in terms of the number of patients who permanently discontinued the study treatment by their own decision, the most common reason given for discontinuation (380 patients in the valsartan group, 373 in the valsartan-and-captopril group, and 355 in the captopril group; P=0.40 and P=0.44 for the two comparisons with the captopril group). The rate of adverse events related to the study treatment, the next most frequent reason for discontinuation, did differ among groups, with the highest rate occurring in the valsartan-and-captopril group and the lowest rate in the valsartan group (Table 3) . Definitions of the types of adverse events that led to dose reductions or the discontinuation of study treatment are provided in Supplementary Appendix 2 (available with the full text of this article at www.nejm.org). There was a similar pattern in the rates of adverse events leading to a reduction in the dose of a study drug (Table 3) . Clinical reports of hypotension were consistent with the blood-pressure * Heart failure denotes hospitalization for the management of heart failure, and CI confidence interval. levels in that the frequency of this adverse effect leading to either a reduction in the dose of study medication or the permanent discontinuation of study treatment was highest in the valsartan-andcaptopril group and lowest in the captopril group (Table 3) . Dose reductions and permanent discontinuations of study medication for renal causes were more frequent in the valsartan and the valsartanand-captopril groups (Table 3 ). There were no significant differences in the number of patients with a hospitalization attributed to renal dysfunction (32 in the valsartan group, 30 in the valsartan-andcaptopril group, and 21 in the captopril group; P= 0.14 and P=0.21 for the two comparisons with the captopril group).
Cough, taste disturbance, and rash leading to either a dose reduction or the permanent discontinuation of study treatment were more frequent in the two groups that received captopril (Table 3) . Angioedema leading to discontinuation was infrequent, occurring in 34 patients (0.23 percent), and the rate did not differ significantly among groups. No cases requiring intubation were reported.
The use of ACE inhibitors in patients with myocardial infarction has improved survival and reduced the rates of major nonfatal cardiovascular events, especially when these agents are used for long-term treatment in high-risk patients such as those with signs of heart failure, evidence of left ventricular systolic dysfunction, or both. 9,10 Consequently, international guidelines recommend ACE inhibitors as first-line therapy for such patients. 19, 20 Clinical trials testing the efficacy of angiotensin-receptor blockers in this population of patients must therefore include a proven ACE inhibitor as an active comparison treatment or as background therapy if a placebo is used. 21 With this approach, we found that the angiotensin-receptor blocker valsartan, at a target dose of 160 mg twice daily, is as effective as a proven regimen of captopril in improving survival and reducing cardiovascular morbidity.
To demonstrate noninferiority in this way requires a rigorous trial design with specific preplanned statistical analyses. Trials designed to show noninferiority require an appropriate reference population, a proven comparison agent and dose, a high level of adherence to treatment, and adequate statistical power. 22, 23 The criteria for inclusion in our trial were almost identical to those used by the three seminal studies showing the benefits of long-term ACEinhibitor treatment after myocardial infarction. 1, 7, 8 Moreover, the rates of cardiovascular events among patients who received the ACE inhibitor in our study were similar to those in the reference population.
Regarding the choice of comparison agent and dose, captopril, ramipril, and trandolapril have all been shown to be superior to placebo in long-term trials involving high-risk patients with myocardial infarction, resulting in an overall reduction in mortality of 26 percent without significant heterogeneity among agents (Fig. 3) . 10 Captopril offered the additional advantage of being the ACE inhibitor whose use within the first day after myocardial infarction had been studied the most; in the Fourth International Study of Infarct Survival (ISIS-4), the drug was associated with a survival advantage within the first 35 days. 3 This was an important distinguishing factor, given that our protocol allowed the early initiation of the study treatment (as early as 12 hours after myocardial infarction).
In contrast to tests of superiority, analyses of noninferiority can be favorably biased because of poor adherence. The rate of adherence to captopril treatment in our study was similar to that in the Survival and Ventricular Enlargement (SAVE) trial, which showed the superiority of captopril over placebo. 1 Moreover, the prespecified per-protocol analysis included only patients who met strict inclusion criteria with regard to myocardial infarction and who had received at least one dose of study medication; the use of these criteria improves the comparison between the per-protocol analysis and previous studies of myocardial infarction and limits the influence of poor adherence. The analyses of noninferiority involving the intention-to-treat and per-protocol populations gave consistent and statistically significant results, which permits us to conclude that valsartan provides the same benefits, in terms of both survival and the risk of cardiovascular discussion events, that were previously achieved with ACE inhibitors in similar populations of patients. The combination of valsartan and captopril was evaluated to determine whether incremental clinical benefits could be achieved with two inhibitors of the renin-angiotensin system. This combination regimen did not reduce mortality or the rates of key secondary outcomes in our population, despite additional lowering of blood pressure and a clear increase in the rate of intolerance to treatment. This finding is apparently discordant with those of two recent major trials involving patients with heart failure that demonstrated improvements in cardiovascular outcomes with the addition of an angiotensinreceptor blocker to conventional therapy including an ACE inhibitor. [24] [25] [26] Our study, however, differed from these trials in terms of the population of patients and the regimens under study. Differences in patterns of cardiovascular risk between patients with stable heart failure and patients with acute myocardial infarction -the latter having higher risks of early death and myocardial infarction than the former -may account for some of the observed differences. In addition, in the heart-failure trials, angiotensin-receptor-blocker therapy was added to preexisting ACE-inhibitor therapy, and the two treatments were not started concurrently, nor were the doses titrated concurrently. Moreover, in our study, we titrated the dose of the ACE inhibitor to a level that has proven efficacy, whereas in the heart-failure trials the angiotensin-receptor blocker was added to a dose of an ACE inhibitor that was chosen by the individual investigator. However, the fact that a post hoc analysis in our study showed that combination therapy resulted in an apparent reduction in the cumulative rate of admission for recurrent myocardial infarction or heart failure does at least suggest that this therapy has biologic activity that might result in the observations that have been made in patients with heart failure. The role of combination therapy with an angiotensin-receptor blocker and an ACE inhibitor is currently being studied in a major trial involving patients with vascular disease. 27 The inclusion of a combination-therapy group in our study also provides additional insights regarding the possible risks associated with the use of angiotensin-receptor blockers in conjunction with beta-blockers and ACE inhibitors -so-called triple therapy. 24 The recently published results of the Candesartan in Heart Failure -Assessment of Reduction in Mortality and Morbidity (CHARM) study have allayed somewhat the concern about potential risks in patients with chronic heart failure. 25, 26 Our study, in which approximately 70 percent of the patients were taking a beta-blocker, showed no adverse interaction with valsartan and no increased risk associated with triple therapy in patients with myocardial infarction complicated by heart failure, left ventricular dysfunction, or both.
The Optimal Therapy in Myocardial Infarction with the Angiotensin II Antagonist Losartan (OPTIMAAL) trial compared the effects of the angiotensin-receptor blocker losartan with those of captopril on survival and other major cardiovascular outcomes in similar patients with high-risk myocardial infarction. 28 The findings of a trend in favor of captopril did not satisfy the trial's criteria for noninferiority. It has been suggested that the dose of losartan used in that study and the titration schedule followed were insufficient relative to the proven captopril regimen. 29 Our finding that there was greater blood-pressure lowering (and more hypotensionrelated adverse events) associated with valsartan, which was administered in a dose that was at least as effective as the dose of captopril used, supports this view of the OPTIMAAL trial. When patients received a dose of valsartan that had the same clinical benefit as captopril, they were less likely than those receiving captopril to discontinue therapy because of a drug-related adverse event. The increased frequency of hypotension and renal problems associ- Given that valsartan was as effective as captopril in reducing the rates of death and other adverse cardiovascular outcomes among patients who had had a myocardial infarction, it should be considered a clinically effective alternative. The choice between these alternative treatments will depend on cumulative clinical experience, tolerability, safety, convenience, and cost. † The totals of the numbers of patients with each type of event are greater than the numbers given for "any of the above events" because in some patients more than one type of event contributed to the decision to reduce the dose or discontinue study treatment. 
